Introduction
The serum immunoglobulin levels are the most important screening tests for determining primary and secondary immunodeficiencies (1) . They are also important in evaluating different clinical conditions such as autoimmune diseases and chronic liver diseases (2, 3) . Reference ranges according to age for immunoglobulins (IgG, IgA, and IgM) and IgG subclass concentrations (IgGSc) vary depending on the region, source population, applied method, and time. For this reason, these values need to be updated for an accurate diagnosis in the same ethnic group and same region.
Primary immune deficiencies form a group of more than 350 diseases that affect the development and/or function of the immune system and are characterized by susceptibility to infections, autoimmune diseases and malignancy, and inherited gene defects. They are classified into nine different groups according to the component of the immune system that they affect (4) . In pediatric clinical practice, severe, persistent, opportunistic or recurrent infections are the most frequent indication for determination of serum immunoglobulin levels. The knowledge of immunoglobulin isotype provides useful insight into complex humoral immune response. The antibody deficiencies are the most common types of the primary immunodeficiencies. According to the European Society for Immunodeficiencies, the proportion of antibody deficiencies accounts for about 60% of all primary immunodeficiencies (5) . This rate was found to be 73% in Turkey and 92% in the province of Konya in previous studies (6, 7) .
The initial laboratory examination of humoral immunity consists of measuring levels of various immunoglobulin isotypes (IgG, IgA, IgM, and possibly IgGSc) in serum and comparison with values from normal age-matched controls. The assessment is clinically important when they are within the normal age-specific reference range. Because of the limited number of studies (8) (9) (10) and the necessity of an update, this study aimed to determine reference intervals in healthy children by measuring the levels of serum immunoglobulin and IgGSc.
Materials and methods

Study population
A total of 330 children without any diseases, between the ages of 0 and 18 years, were included in the study. During the first step for the study, serum samples of 540 healthy children were collected after written informed consent was obtained from all their parents. A form, which included information on sex, height, weight, date of birth, age at the time of admission, address and telephone information, the history of immune deficiency, allergic and chronic diseases was filled out. Of these serum samples collected over a 2-year period, 210 of the participants were removed from the study due to recurrent infections and various reasons including allergic, rheumatological, and gastrointestinal diseases detected during the children's follow-up. Healthy children were divided into 11 groups according to age as follows: 30 newborns between 0 and 1 month; 30 children each between 1 and 3 months, 4 and 6 months, 7 and 12 months, 13 and 24 months, 25 and 36 months, 3 and 5 years, 6 and 8 years, 9 and 11 years, and 12 and 16 years, and 16 and 18 years. The serum immunoglobulin levels were measured using a nephelometric method in a total of 11 groups, each group consisting of 30 individuals, and IgG subclasses in 6 groups of children aged more than 2 years. This study was approved by the Ethical Committee of Selçuk University Medical Faculty.
Laboratory analysis
The levels of serum IgA, IgG, IgM, and IgG1, IgG2, IgG3, IgG4 were measured by the nephelometric method using the IMMAGE 800 device (Beckman Coulter, Inc., Brea, CA, USA). The values of serum immunoglobulin and IgG subgroup levels were expressed in mg/dL. The IMMAGE Immunochemistry Systems kits for IgA, IgG, and IgM and the kits for the IMMAGE 800 device (The Binding Site Group Ltd., UK) for the IgGSc were used. For measuring IgA, IgG, and IgM parameters (IMMAGE Immunochemistry Systems, Chemistry References, Beckman Coulter, Inc.) and IgGSc (The Binding Site Ltd.), an internal quality control study was performed using two levels of control serum. An international interlaboratory comparison program (RIQAS International Quality Assessment Scheme, UK) was followed for the external quality control. The data were divided into subgroups according to sex and age group. The difference between the age groups and sex (IgG, IgA, IgM, IgG1, IgG2, IgG3, and IgG4) was investigated. When comparing the differences between the two groups, the t-test was used in independent groups showing normal distribution and the Mann-Whitney U test was used for abnormal distribution. When comparing the mean between more than two groups, the one-way analysis of variance (ANOVA) was used for normal distribution and the Kruskal-Wallis test was used for the abnormal distribution. The significance level was accepted as P < 0.05.
Statistical analysis
Results
In this study, 177 of 330 patients were male and 153 were female. When serum immunoglobulins and IgGSc were evaluated according to sex, the serum IgM and IgG2 levels were higher in females (P = 0.004 and 0.011, respectively). The serum IgM levels were significantly different at the age groups including 1-30 days, 6-8 years, and 12-16 years (P = 0.04, P = 0.002 and P = 0.01, respectively). The serum IgG2 levels were higher in females at the age of 6-8 years and 16-18 years (P = 0.04 and P = 0.003, respectively). No significant difference in IgG, IgA, IgG1, IgG3, and IgG4 was observed between boys and girls ( Table 1) .
The difference in the IgG, IgA, IgM, and IgGSc according to age was statistically analyzed using the ANOVA and Kruskal-Wallis tests ( Table 2 ). The geometric mean, arithmetic mean, standard deviation, minimum and maximum values, and 95% confidence intervals for the serum IgG, IgA, IgM, and IgGSc concentrations are shown in Tables 3-9 . 3.1. Serum immunoglobulin levels (IgG, IgA, IgM) Age-related changes in the serum IgG, IgA, and IgM (the 5%, 50%, 95% percentile ranges) are shown in Figure  1 . According to age groups, the serum IgG levels were found to be high in the newborn period (0-30 days) due to maternal IgG. These parameters were the lowest level due to loss of antibodies from the mother and inadequate synthesis in the second and third groups (1-6 months). Starting from the 6th month, the serum IgG levels increased, reaching maximum values at 16-18 years of age (Table 3) .
No significant difference was detected according to age for serum IgA levels. Although the IgA levels were very low during the neonatal period, they increased with age and reached their maximum value at the age of 18 years ( Table 4) .
The IgM levels increased steadily after neonatal period but were low slightly in the 25-to 36-month group and after 6 years of age until the age of 11 years compared to the The 5%, %50, and %95 percentile ranges (in increasing order to levels in the graphs) for the IgG subclasses are shown in Figure 2 . According to age, the highest value was in the 16 to 18 years of age range for serum IgG1 level, while the lowest value was in the 3 to 4 years of age. The serum IgG2 values increased with age. No statistically significant difference was observed in the serum IgG3 and IgG4 levels according to age (Tables 6-9 ). The IgG1 levels were the lowest in the 25-to 36-month group and increased after 36 months until the age of 9 years. A second decline was seen in the 9-to 11-year age group, and another increase was seen at the age of 12-16 years. After the age of 16 years, they reached the adult level with a third decline ( Table 6 ).
The IgG2 levels increased from the 25th month onward and reached maximum values at the age of 16-18 years ( Table 7) .
The IgG3 levels showed a partial decline at the age of 6-8 years and then continued to increase steadily. The levels reached a maximum value at the age of 16-18 years (Table 8) .
Although the IgG4 levels showed fluctuations at the age of 2-11 years, they continued to increase after the age of 11 years and reached the maximum values in the 16-to 18-year age group (Table 9 ).
Discussion
The first stage in evaluating possible underlying immunodeficiency is the measurement of blood count and serum immunoglobulin levels (11) . The standards for changes in antibody production by age during childhood vary according to different ethnic groups and settlement regions. Hence, the immunoglobulin levels should be compared with age-appropriate reference values according to the 95% confidence interval. In this study, the distribution of serum immunoglobulins and IgGSc according to age and sex were examined in children and the reference intervals were determined.
In the present study, the serum IgG levels were extremely high in the newborn period due to the IgG passed on from the mother. These parameters fell to the lowest level due to loss of antibodies from the mother and inadequate synthesis in the baby in the second and third groups (1-6 months). Again, the serum IgG levels increased with age, starting from the 6th month, reaching maximum values at 16-18 years of age. However, the IgA levels were extremely low in the newborn period and increased with age, reaching their maximum values at the age of 18 years. These results were compatible with the findings of studies conducted in Turkey and quoted in the literature (8) (9) (10) 12) . The IgM levels did not show a continuous increase in our study, contrary to the previous studies (8) (9) (10) 12) . The continuous increase seen in the 1st month fluctuated till 2 years of age. Low values were determined in the 25-to 36-month group, and then from the ages of 6 years until 11 years. After the age of 11 years, National Committee for Clinical Laboratory Standard, guiding standards for laboratories (15) . Studies on reference intervals of serum immunoglobulins and IgGSc, which were used in the diagnosis and follow-up of various immunological diseases, demonstrated that these values changed depending on the methods used, patient population, age, and sex. The inconsistencies seen in some of the earlier studies might be due to the method of analysis. In the earlier studies, the serum immunoglobulins and IgGSc were measured using radial immunodiffusion, which was then changed with a method developed based on ELISA using monoclonal antibodies. Nowadays, the nephelometric measurement method, which is faster and has less variability, is more commonly used (14, 16) . In the present study, the immunoglobulin levels were measured by the nephelometric method. The first study performed on this subject in Turkey was in 1996 in Ankara, where the normal values of the IgG, IgA, and IgM levels were determined using the turbidimetric method. The serum IgG fell to 39% of the adult level after 31 days. It was 52% at the age of 1 year, increased to 97% of the adult level at the age of 7 years, and elevated above the adult level between the ages of 11 and 16 years (8). Tezcan et al. observed a continuous increase in the IgM levels in the 1st month, reaching close to the adult level at early ages. Between the ages of 13 and 16 years, the levels reached the adult levels. Although the IgA levels were extremely low during the neonatal period, they increased with age and passed 90% of the adult level at the age of 13 years. These results were consistent with the findings of our study. The second study was conducted in 2006 by Aksu et al. using the nephelometric method, and the reference ranges of IgG, IgA, IgM, and IgGSc were determined. In that study, the levels of serum IgG and IgGSc were higher in the newborn period (0-30 days) due to maternal IgG. In children in the second group (1-5 months), these parameters fell to the lowest level due to loss of antibodies from the mother and inadequate synthesis in the baby. After the 6th to 8th month, an increase in immunoglobulins and IgGSc according to age was observed. The IgG, IgA, IgG1, and IgG2 levels increased until the age of 9-10 years, and then reached a plateau. The IgG3 and IgG4 levels increased up to the ages of 7-8 years and then reached a plateau. The IgM levels increased earlier and reached a balanced value after the first year of life (9) . In our study, all immunoglobulin levels increased with age and no plateau was observed.
The third study was carried out in İzmir in 2010 using the nephelometric method, and the reference ranges of IgG, IgA, IgM, and IgGSc were determined. In females, the reference intervals of all tests were found to be higher in females compared with males (10) . No newborn separation was done, and neonates were evaluated after 0-6 months. In that study, the IgG values in the 95% confidence interval were found to be lower in the first 12 months and then increased in the later age groups. This might be due to the fact that fewer data were available on the age groups in that study and statistical analysis was lacking.
The IgG subclass deficiencies are defined as one or both of the IgGSc below normal values according to age, while the IgG, IgA, and IgM values are normal. Studies have shown that IgG1 and IgG3 levels reach 75% of the adult level at 5 years of age. The level of IgG2 reaches 75% of the adult level at 14 years of age. However, the normal limits of IgG4 could not be fully determined and IgG4 deficiency should not be diagnosed under the age of 10 years (1). In our study, the level of IgG1 reached 76% of the 16-to 18-year age group values at the age of 3-5 years, and the level of IgG2 reached approximately 70% of the 16-to 18-year age group level between 9 and 11 years of age and the level of IgG3 between the ages of 6 and 8 years. The level of IgG4 the 3-to 5-year age group reached 80% of the biggest childhood age group. IgG4 is a blocking antibody and does not bind to its complement. Its level decreases in allergic diseases and increases with allergen immunotherapy. We observed that the adult levels can be reached earlier in the population used in this study. It is also important for determining the upper limits that regulate IgG4-related diseases.
Several studies have reported IgGSc in healthy children and adults (17, 18) . We observed the IgG1, IgG2, and IgG3 levels increased with age. The maximum reference values for all IgGSc were reached in the 16-to 18-year age group. The results were broadly similar to those reported in previous studies. Fluctuations in IgG4 levels were observed between the age groups in our study, whereas IgG4 concentrations continued to increase with age in some studies (18) . Our results are similar to the findings of a Thai study (19) .
The present study had some limitations. Our population included healthy children who live in Konya and therefore the selected samples may not totally reflect the Turkish population. However, Konya is a big city in the Central Anatolia including admixture of Turkish children, so we think that the updated reference values may be used in Turkey. The relatively small study population may reduce the power of the study and the national database is needed for serum immunoglobulin levels in a larger Turkish population.
In conclusion, the present study provided usable data on normal values and age-related changes in serum immunoglobulins and IgGSc. It constituted a step in establishing a reliable reference source for laboratories. It made an important contribution, especially in determining the reference values of regional immunoglobulins and IgGSc, for the childhood age group. Previous studies suggested that issues, such as difficulties encountered in identifying reference individuals, limitations of small laboratories, and standardization of regional and biological variations, need to be resolved with multicentered and national reference policies. A healthy regional database should be maintained with the participation of larger sample groups and by continuing these studies. The reference values for serum immunoglobulin levels and IgGSc in healthy children were updated with this study. Autosomal recessive inherited primary immune deficiencies are common in Turkey with high rates of consanguineous marriages. This study is important in terms of being a reference source for assessing immunoglobulin levels for accurate diagnosis, treatment, and follow-up of primary and secondary immunodeficiencies in children.
